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SOLID STATE IMAGING DEVICE HAVING
VARIATION IN OPTICAL BLACK PIXEL
STRUCTURES RELATIVE TO IMAGE
GENERATING PIXEL STRUCTURES TO
PROVIDE SUBSTANTIALLY EQUIVALENT
DARK CURRENT

CROSS REFERENCES TO RELATED
APPLICATIONS

The subject matter of application Ser. No. 11/825,579, 1s
incorporated herein by reference. The present application 1s
a Continuation of U.S. Ser. No. 11/825,579, filed Jul. 6,
2007, which claims priority to Japanese Patent Application
JP 2006-211244 filed 1n the Japanese Patent Oflice on Aug.
2, 2006, the entire contents of which being incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a solid-state 1maging
device, and particularly to a solid-state 1maging device
which includes a photoelectric converting portion and a
charge converting portion for converting charges generated
at the photoelectric converting portion into a pixel signal, for
example, a CMOS 1mage sensor and the like.

Description of the Related Art

A CMOS mmage sensor 1s a solid-state 1maging device
including a plurality of pixels arranged in a two-dimensional
array each having a photoelectric converting portion and a
plurality of MOS transistors, so that a charge generated at
the photoelectric converting portion 1s converted into a pixel
signal and read. In recent years, such CMOS 1mage sensor
has attracted attention as an 1mage capture element used for
cameras for mobile phones, digital still cameras, digital
video cameras and the like.

In 1mage sensors, charges are generated by photo-electri-
cally converting light at a photoelectric converting portion,
for example, photodiode. In addition, electrons/holes may be
generated due to a temperature change. These electrons/
holes are termed dark current. Dark current 1s a main source
of noise in such 1image sensor and 1t may mfluence 1image
quality. Also, dark current may occur not only 1n a photo-
diode but also 1n a floating diffusion portion. Dark current 1in
typical image sensors changes depending on a temperature
and an accumulation time. Accordingly, when the dark
current occurs, a signal output value 1n an optical black state,
that 1s, 1n a state without exposure changes depending on a
temperature and an accumulation time, so that a reference
optical black level changes to aflect contrast of 1images. As
described above, dark current may be a main source of noise
in such 1mage sensors.

For example, 1n the case where a certain fixed signal level
1s used for a standard of A/D (analog-to-digital) conversion,
dark current may cause a digital value of an optical black
level to change depending on a temperature. Hence, a black
level of a portion of an 1mage obtained after image process-
ing may be deteriorated to become gray or entirely black,
causing an image to have unstable contrast.

Accordingly, most of image sensors include an effective
pixel (hereinafter referred to as an “aperture pixel”) 1n an
ellective pixel area and a black reference pixel (hereinafter
referred to as an “OB (Optical Black) pixel”) that outputs an
optical black level, formed on one device. The OB pixel has
the same structure as that of the aperture pixel. However

light 1s shielded 1n the OB pixel with a light-shielding film
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formed on a wiring, and therefore, an optical black level can
be output for each frame by reading a signal of the OB pixel.
Thus, even in the case where a temperature change causes a
change in dark current, a reference contrast level can be
estimated using the aperture pixel based on the black level
of the OB pixel.

FIG. 1 shows a schematic diagram of a CMOS 1mage
sensor according to related art. As shown i FIG. 1, a
solid-state 1imaging device 1 includes an 1maging region 2,
a vertical selection circuit portion 3 and a read circuit portion
4 disposed on the periphery of the imaging region 2. The
imaging region 2 includes an eflective pixel area 5 in which
aperture pixels (ellective pixels) 6 for capturing an object
image are arranged and an optical black area 7 which 1s
formed surrounding the effective pixel area 5 and in which
light-shielded OB pixels 8 are arranged. Pixels including the
aperture pixels 6 and the OB pixels 8 are regularly arranged
in a two-dimensional array.

Each of the aperture pixels 6 and the OB pixels 8 includes,
for example, a photodiode forming a photoelectric convert-
ing portion and a plurality of MOS transistors, for example,
a transier transistor, a reset transistor, an amplification
transistor and a selection transistor.

The vertical selection circuit portion 3 includes a shift
register, for example. The vertical selection circuit portion 3
selectively scans respective aperture pixels 6 and OB pixels
8 1 the imaging region 2 sequentially one-line at a time 1n
the vertical direction. Subsequently, the vertical selection
circuit portion 3 supplies the read circuit portion 4 with
signal charges generated at a photoelectric converting por-
tion (photodiode) 1n each pixel 1n response to an amount of
received light through a vertical signal line (not shown).

The read circuit portion 4 includes a horizontal signal line,
a horizontal selection circuit, a column signal processing
circuit, an output circuit and the like although not shown.
Further, on the same chip, there 1s formed a control circuit.
The control circuit generates a clock signal and a control
signal to be referenced to operations of the vertical selection
circuit portion 3, the read circuit portion 4 and the like based
on a vertical synchronization signal, a horizontal synchro-
nization signal and a master clock and inputs the clock signal
and the control signal to the vertical selection circuit portion
3 and the read circuit portion 4.

FIG. 2 shows a cross-sectional structure on the line D-D'
that passes through the aperture pixel 6 and the OB pixel 8
in FIG. 1. As shown 1n FIG. 2, the aperture pixel 6 separated
by an element 1solating area 12 i1s formed on the effective
pixel area 5 of a semiconductor substrate (for example,
silicon substrate) 11 and the OB pixel 8 similarly separated
by the element 1solating area 12 1s formed on the optical
black area 7. The aperture pixel 6 includes a photodiode
(PD) 13 as a photoelectric converting portion and a plurality
of MOS transistors (a transfer transistor Trl alone 1s shown
in FIG. 2). The transfer transistor Trl includes a semicon-
ductor area as a floating diffusion (FD) portion 14, and a
transier gate electrode 15 formed through the photodiode 13
and a gate insulated film. The OB pixel 8 includes a
photodiode (PD) 23 as a photoelectric converting portion
and a plurality of MOS ftransistors (a transfer transistor Tr2
alone 1s shown in FIG. 2). The transfer transistor Tr2
includes a semiconductor area as a floating diffusion (FD)
portion 24 and a transfer gate electrode 25 formed through
the photodiode 23 and the gate insulated film.

A multilayer wiring 18 1s formed above the semiconduc-
tor substrate 11 through an 1nsulating iterlayer 17. Further,
in the optical black area 7, a light-shielding film 19 made of
metal, for example, Al (aluminum) 1s formed above the
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multilayer wiring 18. It should be noted that a color filter, an
on-chip lens and the like are formed on the light-shielding
film 19 through a planarized film although not shown.

FIG. 3A shows a schematic planar structure of the pho-
todiode (PD) 23 and the floating diffusion (FD) portion 24
of the OB pixel 8, and FIG. 3B shows a schematic planar
structure of the photodiode (PD) 13 and the floating difiu-
sion (FD) portion 14 of the aperture pixel 6, respectively.
The size of the photodiode 23 in the OB pixel 8 1s equal to
that of the photodiode 13 1n the aperture pixel 6, and the size
of the floating diffusion portion 24 1n the OB pixel 8 1s equal
to that of the floating diffusion portion 14 in the aperture
pixel 6.

Using the above-mentioned arrangement, an image 1s
read. Scanning operations to read image signals will be
described below 1n detail. First, the OB pixels 8 and the
aperture pixels are sequentially selected and read 1n accor-
dance with the horizontal synchronization signal through the
vertical selection circuit 3. FIG. 4 shows an example of a
signal output that 1s read. In this example, OB pixel lines on
one side are made m1 including three lines (m1=3) and OB
pixel lines on the other side are made m2 including two lines
(m2=2) as shown in FIG. 1. Signal outputs of an OB pixel
line and an aperture pixel line 1 one horizontal scanning
period during a horizontal synchronization signal (XHS) are
shown 1n an enlarged-scale.

With a vertical synchronization signal (XVS) triggered,
an 1mage of one frame 1s output during a period until the next
vertical synchronization signal. A signal for one line 1s
output with the horizontal synchronization signal (XHS)
triggered 1n the period of the vertical synchronization signal.
Regarding a signal output of one line, an OB pixel line
outputs an optical black (OB) output level alone, but an
aperture pixel line outputs optical black (OB) output levels
a and b with a signal output c.

Typically, an output value of the OB pixel 8 read at the
beginning of one frame 1s sampled and the output value of
the OB pixel 8 1s applied to the black level of the aperture
pixel 6 within the frame based on the sampled result.
Therefore, even 1n the case where a temperature changes
suddenly, an amount of dark current due to the change of a
temperature within one frame can be canceled.

According to the above-mentioned arrangement, even 1n
the case where dark current that changes depending on a
temperature and an accumulation time 1s generated in the
aperture pixel 6, contrast of an image may be prevented from
deteriorating with dark current. Specifically, since an
amount ol dark current 1s also measured 1n the OB pixel 8
under the same condition, contrast of an image on the
aperture pixel 6 1s determined by using the black level of the
OB pixel 8 as a reference level.

However, 1n the case where the light-shielding film 19 1s
formed above the OB pixel 8, 1t may be difhicult for an
amount of dark current of the OB pixel 8 to be equal to that
of the aperture pixel 6 due to the difference 1n a surface level
between those pixels. The reason that the optical black level
of the OB pixel 8 1s used as a reference 1s based on an
assumption that the amount of dark current of the OB pixel
8 and that of the aperture pixel 6 are equal. Therefore, 1n the
case where the amount of dark current of the OB pixel 6 and
that of the aperture pixel 8 are different from each other, the
amount of dark current of the OB pixel 6 as the reference for
the optical black level may not be applied to the aperture
pixel 8. As a result, even in the case where a temperature
may not change within one frame, 1mage contrast on the
aperture pixel 8 will be aflected. A small difference between
the amount of dark current of the OB pixel 8 and that of the
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aperture pixel 6 may greatly aflect the 1mage contrast in the
case where a user intends to extend an accumulation time in

order to capture an 1image of a dark object.

Japanese Unexamined Patent Application Publication No.
H10-107245 (JP No. H10-107245 A) discloses a method of
removing a photodiode from an OB pixel 1n order to control
dark current in the OB pixel.

SUMMARY OF THE

INVENTION

In a pixel including a photodiode and a floating diffusion
portion, dark current may be generated at the photodiode and
the floating diffusion portion. In the case where dark current
1s read as a signal, the sum of an amount of dark current
caused 1 the photodiode and that caused in the floating
diffusion portion 1s read. If the shape of the aperture pixel
and that of the OB pixel are 1dentical to each other as shown
in the related art technology 1n FIG. 2 and FIGS. 3A and 3B,
it may be diflicult to make an amount of dark current of the
aperture pixel and that of the OB pixel uniform. Specifically,
the Al (aluminum) light-shielding film 19 formed above the
OB pixel may aflect the amount of dark current of the OB
pixel. In other words, 1f the size of the floating diffusion
portions and the size of the photodiodes are respectively
equal between the OB pixel and the aperture pixel, there
may still be a difference i the amount of dark current.

Difference between an amount of dark current of the
aperture pixel and that of the OB pixel may be caused by
respective reasons resulted from the photodiode and the
floating diffusion portion. However, since the process for
manufacturing the photodiode and that for manufacturing
the floating diflusion portion are not the same, difference in
the amount of dark current varies. Typically, the area of the
photodiode 1s larger than that of the floating diffusion
portion, and therefore, difference 1n dark current caused at
the photodiode may be large 1n most cases.

JP No. H10-107245 A proposes a method of controlling
dark current by removing the photodiode from the OB pixel
as described above. However, according to the method, the
amount of dark current of an OB pixel 1s extremely reduced
compared with an aperture pixel, and therefore, the black
level may be different between those pixels depending on a
temperature and an accumulation time.

In view of the above, it 1s desirable to provide a solid-state
imaging device capable of outputting an optical black level
that 1s prevented from being fluctuated depending on a
temperature and an accumulation time and of reducing an
influence on contrast of an 1mage by adjusting a diflerence
in the amount of dark current generated at an aperture pixel
and generated at an OB pixel.

According to an embodiment of the present invention,
there 1s provided a solid-state 1maging device having an
imaging region including a plurality of pixels arranged 1n a
two-dimensional array. The i1maging region includes an
ellective pixel and a black reference pixel, and the shape of
a floating diffusion portion in the eflective pixel 1s difierent
from that 1n the black reference pixel.

According to an embodiment of the solid-state 1maging
device of the present invention, the shape of the floating
diffusion portion 1n the black reference pixel 1s different
from that 1n the effective pixel. Accordingly, the sum of dark
current 1n the black reference pixel 1s made equal to that 1n
the aperture pixel.

According to an embodiment of the solid-state 1maging
device of the present invention, since an amount of dark
current in the black reference pixel and that 1n the effective
pixel can be made equal without deteriorating characteristics
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ol the solid-state imaging device, a stable black level can be
output, thereby improving image contrast.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a CMOS 1mage
sensor according to related art;

FIG. 2 1s a cross-sectional view on the line D-D' in FIG.
1

FIG. 3A 1s a schematic diagram showing a layout of an
OB (optical black) pixel according to the related art, and
FIG. 3B 1s a schematic diagram showing a layout of an
aperture pixel according to the related art;

FI1G. 4 1s a schematic diagram showing a scanning opera-
tion of reading a signal 1n a CMOS 1mage sensor according
to the related art;

FIG. 5 1s a schematic diagram showing a CMOS 1mage
sensor according to an embodiment of the present invention;

FIG. 6 1s a cross-sectional view on the line A-A' n FIG.
S;

FIG. 7A 1s a schematic diagram showing a layout of an
OB pixel according to the embodiment of the present
invention, and FIG. 7B 1s a schematic diagram showing a
layout of an aperture pixel according to the embodiment of
the present invention; and

FIG. 8 1s a cross-sectional view on the line A-A' in FIG.
5, showing the case 1 which a PD (photodiode) i1s not
formed 1n the OB pixel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described
below with reference to the drawings.

A solid-state 1maging device according to the embodi-
ments of the present mvention 1s a CMOS 1mage sensor
having as a unit a pixel including a photoelectric converting,
portion and a charge converting portion for converting
charges generated at the photoelectric converting portion
into a pixel signal.

FIG. 5 shows a schematic diagram of a CMOS image
sensor according to the embodiment of the present inven-
tion. As shown 1n FIG. 5, a solid-state imaging device 31
according to the embodiments of the present invention
includes an i1maging region 32; and a vertical selection
circuit portion 33 and a read circuit portion 34 located on the
periphery of the imaging region 32. The imaging region 32
includes an eflective pixel area 35 having eflective pixels
(hereimaftter referred to as “aperture pixels™) 36 for capturing
an object image, and an optical black area 37 surrounding
the eflective pixel area 38 and having light-shielded black
reference pixels (hereinafter referred to as “OB pixels™) 38.
The aperture pixels 36 and the OB pixels 38 are arranged 1n
a two-dimensional array.

Each of the aperture pixels 36 and the OB pixels 38
includes a photodiode, for example, forming a photoelectric
converting portion and a plurality of MOS transistors, for
example, a transier transistor, a reset transistor, an amplifi-
cation transistor and a selection transistor.

The vertical selection circuit portion 33 includes a shift
register, for example. The vertical selection circuit portion
33 seclectively scans respective aperture pixels 36 and OB
pixels 38 1n the imaging region 32 sequentially one-line at
a time 1n the vertical direction. Subsequently, the vertical
selection circuit portion 33 supplies the read circuit portion
34 with signal charges generated at a photoelectric convert-
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ing portion (photodiode) in each pixel i response to an
amount of received light through a vertical signal line (not
shown).

The read circuit portion 34 includes a horizontal signal
line, a horizontal selection circuit, a column signal process-
ing circuit, an output circuit and the like although not shown.
Further, on the same chip, there 1s formed a control circuit.
The control circuit generates a clock signal and a control
signal to be referenced to operations of the vertical selection
circuit portion 33, the read circuit portion 34 and the like
based on a vertical synchronization signal, a horizontal
synchronization signal and a master clock and inputs the
clock signal and the control signal to the vertical selection
circuit portion 33 and the read circuit portion 34.

FIG. 6 shows a cross-sectional structure on the line A-A'
that passes through the aperture pixel 36 and the OB pixel
38 i FIG. 5. As shown i FIG. 6, the aperture pixel 36
separated by an element 1solating area 42 1s formed on the
cllective pixel area 35 of a semiconductor substrate (for
example, silicon substrate) 41 and the OB pixel 38 similarly
separated by the element 1solating area 42 1s formed on the
optical black area 37. The aperture pixel 36 includes a
photodiode (PD) 43 as a photoelectric converting portion
and a plurality of MOS transistors (a transfer transistor Irl
alone 1s shown in FIG. 6). The transfer transistor Trl
includes a semiconductor area as a tloating diffusion (FD)
portion 44, and a transier gate electrode 45 formed through
the photodiode 43 and a gate msulated film. The OB pixel 38
includes a photodiode (PD) 53 as a photoelectric converting
portion and a plurality of MOS ftransistors (a transier tran-
sistor Tr2 alone 1s shown 1n FIG. 6). The transfer transistor
112 includes a semiconductor area as a floating diffusion
(FD) portion 34 and a transier gate electrode 55 formed
through the photodiode 53 and the gate insulated film.

A multilayer wiring 48 1s formed above the semiconduc-
tor substrate 41 through an insulating interlayer 47. Further,
in the optical black area 37, a light-shielding film 49 made
of metal, for example, Al (aluminum) 1s formed above the
multilayer wiring 48. It should be noted that a color filter, an
on-chip lens and the like are formed on the light-shielding
film 49 through a planarized film although not shown.

Here, according to the embodiment of the present mnven-
tion, as described later 1n detail, 1n order to make the amount
of dark current of the aperture pixel 36 equal to that of the
OB pixel 38, the shape of the floating diffusion (FD) portion

44 1n the aperture pixel 36 1s made different from that of the
floating diffusion (FD) portion 34 1n the OB pixel 38.

A signal can be read from the solid-state imaging device
according to the embodiment of the present invention simi-
larly to the aforementioned related-art example and there-
fore may not be described here.

The following Table 1 shows dark current components of
the photodiodes 43, 53 1n the aperture pixel 36 and the OB
pixel 38 respectively, and dark current components of the
floating diflusion portions 44, 54 1n the aperture pixel 36 and
the OB pixel 38, respectively. In Table 1, P1 indicates a dark
current component generated at the photodiode 33 1n the OB
pixel 38 and F1 indicates a dark current component gener-
ated at the floating diffusion portion 54 1n the OB pixel 38.
Also, P2 indicates a dark current component generated at the
photodiode 43 1n the aperture pixel 36 and F2 indicates a
dark current component generated at the floating diffusion
portion 44 in the aperture pixel 36.
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TABLE 1

Example of Generated Amount of Dark Current

OB Pixel Aperture Pixel
Photodiode P1 P2
Floating Diffusion Fl 2
Portion

In the case of reading dark current as a signal, the sum of
a dark current component generated at the photodiode 43
and that generated at the floating diffusion portion 44 1s read.
Also, the sum of a dark current component generated at the
photodiode 53 and that generated at floating diffusion 54 1s
read. Therefore, according to Table 1, an equation of
F1+P1=F2+P2 represents that the amount of dark current of
the aperture pixel and that of the OB pixel are equal to each
other.

Next, embodiments of the present mvention will be
described 1n detail 1n addition to an adjusting method to
obtain the relationship represented by the equation of
F1+P1=F2+P2 regarding the amount of dark current.
According to the embodiments of the present invention, in
order to make the dark current of the aperture pixel 36 and
that of the OB pixel 38 equal to each other without dete-
riorating performance of the device, the aperture pixel 36 1s
designed to have optimum 1maging characteristics and the
OB pixel 38 1s controlled to adjust dark current. In order to
obtain the relationship represented by the equation of
F1+P1=F2+P2, F1 alone 1s adjusted. Dark current compo-
nents increase as the surface areas or circumierential lengths
of the photodiode and the floating diflusion portion increase.
In addition, dark current of the OB pixel 38 is typically
larger than that of the aperture pixel 36.

Therefore, according to the embodiments of the present
invention, the equation of F1+P1=F2+P2 may be satisfied by
making the dark current component F1 smaller than the dark
current component F2.

According to a first embodiment of the present invention,
as shown 1n FIG. 6, the surface area of the floating diffusion
portion 44 1n the aperture pixel 36 1s diflerent from that of
the floating diffusion portion 54 1n the 08 pixel 38. In this
embodiment, the surface area of the floating diffusion por-
tion 54 1n the OB pixel 38 1s made smaller than that of the
floating diffusion portion 44 1n the aperture pixel 36.

According to the first embodiment of the present inven-
tion, the shape or the surface area of the floating diffusion
portion 1n the OB pixel 38 1s smaller than that of the floating,
diffusion portion 44 1n the aperture pixel 36, thereby adjust-
ing the amount of dark current to obtain the relationship
represented by the equation of F1+P1=F2+P2.

FIGS. 7A and 7B show a second embodiment of the
present mvention. According to the second embodiment of
the present invention, a circumierence and a surface area of
the tloating diffusion portion 44 in the aperture pixel 36 are
made different from those of the floating diffusion 34 in the
OB pixel 38. FIGS. 7A and 7B show examples of layout
thereof. In this embodiment, the circumierence and the
surface area of the floating diffusion portion 34 in the OB
pixel 38 are made smaller than those of the floating diffusion
portion 44 in the aperture pixel 36. An amount of dark
current 1ncreases in proportion to the surface area or the
circumierential length of the floating diffusion portions.

Therefore, according to the second embodiment of the
present mvention, the circumierences and the surface areas
of the floating diffusion portions 44 and 54 1n the aperture
pixel 36 and the OB pixel 38 are appropriately adjusted such
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that the relationship represented by the equation of
F1+P1=F2+P2 1s obtained regarding an amount of dark
current as shown in the layouts of FIGS. 7A and 7B, thereby
adjusting the amount of dark current.

According to the above-mentioned arrangements, the
relationship represented by the equation of F1+P1=F2+P2
may be obtained and hence the amount of dark current in the
aperture pixel 38 and that 1n the OB pixel 36 may be equal
to each other. As a result, since the reference black level
obtained in the OB pixel 36 can be applied to the aperture
pixel 38 at any time, an 1mage with improved contrast
compared to that of the related art can be output during a
one-frame period.

FIG. 8 shows a third embodiment of the present invention.
Since the amount of dark current can be adjusted by chang-
ing the shape of the floating diffusion portion 54, the
photodiode 33 can be removed from the OB pixel 38.
Specifically, according to the third embodiment, while the
aperture pixel 36 includes the photodiode 43 and the floating
diffusion portion 44 as described above, the OB pixel 38
may 1nclude the floating diffusion portion 54 but not include
the photodiode 53. Hence, in order to satisty an equation of
F1=F2+P2, the surface area or the circumierence of the
floating diffusion portion 34 1n the OB pixel 38 1s made
smaller than that of the floating diffusion portion 44 in the
aperture pixel 36.

As described above, according to the third embodiment,
the amount of dark current can be adjusted similarly to the
first and second embodiments. In addition, since the photo-
diode 53 1s not formed on the OB pixel 38, it may be
unnecessary to read a charge from the photodiode 53 1n the
OB pixel 38.

In this regard, since P1 equals 0, the amount of dark
current may be adjusted to obtain the relationship repre-
sented by the equation of F1=F2+P2.

Further, since the photodiode 53 1s not formed on the OB
pixel 38, the area per pixel can be reduced in the OB pixel
area 37. Thus, the size of the 08 pixel area 37 can be reduced,
thereby reducing a chip area and a cost.

Since the height from the substrate 41 to the light-
shielding film 49 1s increased 1n the OB pixel 38, there 1s a
risk that oblique incident light leaks into the photodiode.
However, the photodiode 53 i1s not formed 1n the OB pixel
38 as described above and there 1s no area for carrying out
photoelectric conversion. Thus, an influence caused by
leaking light when the OB pixel 38 1s illuminated with a
large amount of light can be removed.

Next, a fourth embodiment of the present invention will
be described. In the fourth embodiment, both of the aperture
pixel 36 and the OB pixel 38 include the photodiode and the
floating diflusion portion. Although not shown in the figures,
when a charge of the photodiode 1s transierred to the floating
diffusion portion, the charge of the photodiode 33 in the OB
pixel 38 may be prevented from being transierred to the
floating diffusion portion. The shape of the floating diffusion
portion 1n the OB pixel 38 1s adjusted such that the rela-
tionship represented by the equation of F1=F2+P2 1s
obtained regarding the amount of dark current.

According to the fourth embodiment, the following eflec-
tiveness can be obtained 1n addition to that obtained in the
first and second embodiments of the present invention.
Sensitivity of a pixel strongly depends upon continuity of
the shape of the aperture pixel 36 and the shape of the OB
pixel 38. Accordingly, 1f there are variations 1n the process
of manufacturing the aperture pixel 36 and the OB pixel 38,
then stable aperture pixels and OB pixels may not be
obtained. Therefore, it 1s desirable to obtain continuity and
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uniformity regarding the layout of the pixels on the imaging,
region 32. Accordingly, while both of the aperture pixel 36
and the OB pixel 38 include the photodiode and the tloating
diffusion portion, a charge may not be read from the pho-
todiode 53 1n the OB pixel 38. With such structure, conti-
nuity of the layout can be obtained regarding the aperture
pixels 36 and the OB pixels 38. In addition, an amount of
dark current may be adjusted by slightly changing the layout
of the pixels, and leaking light can be prevented when the
OB pixel 38 1s 1lluminated with a large amount of light.

Further, 1n the case of having restrictions on the layout,
the amount of dark current may be adjusted so as to satisiy
the equation of F1+P1=F2+P2 by changing not only the
shape of the floating diflusion portion 54 but also the shape
of the photodiode 53 in the OB pixel 38. If degree of
freedom 1s 1ncreased regarding the adjustment as described
above, an adjusting method conforming to manufacturing
conditions and manufacturing processes may be selected.

In addition, according to further another embodiment of
the present mvention, the shape of the photodiode in the
aperture pixel can be made different from that 1n the OB
pixel. For example, the surface area of the photodiode 1n the
OB pixel may be made different from that of the photodiode
in the aperture pixel. Specifically, with such structure, the
sum ol dark current components of the photodiode and the
floating diffusion portion 1n the aperture pixel 1s made equal
to the sum of dark current components of the photodiode and
the floating diffusion portion 1n the OB pixel.

According to the above-described embodiments of the
present invention, the shape of a floating diffusion portion 1s
changed such that an amount of dark current of the aperture
pixel and that of the OB pixel may be equal to each other.
Therefore, 1 the amount of dark current 1s changed depend-
ing on a temperature and an accumulation time, a stable
optical black level may be output from the OB pixel. As a
result, contrast of 1mages may be prevented from being
deteriorated with dark current. Further, in the case where the
photodiode 1 the OB pixel in the OB pixel area 1s not
formed, the size of the OB pixel may be reduced, the chip
area can be reduced and a cost for manufacturing the
solid-state 1maging device can be reduced. Furthermore, 1n
the case where the photodiode 1s not formed in the 08 pixel
or a charge 1s not read from the photodiode 1n the OB pixel
area, an unfavorable influence caused by light leaked into
the OB pixel area when the OB pixel 1s 1lluminated with a
large amount of light can be prevented.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
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other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. A solid-state 1imaging device comprising:

an 1maging region including a plurality of pixels arranged
in a two-dimensional array, wherein the imaging region
includes a plurality of effective pixels and a plurality of
black reference pixels;

at least one of the effective pixels and the black reference
pixels having a photoelectric conversion portion and a
floating diffusion portion, wherein the floating diffusion
portion for the eflective pixel 1s different in size or
shape from the floating diflusion portion in the black
reference pixel i accordance with an amount of dark
currents so that a dark current associated with the black
reference pixel and a dark current associated with the

cllective pixel are substantially equivalent;

a first 1solation region between the floating diffusion
portion of the eflective pixel and the photoelectric
conversion portion of the black reference pixel; and

a second 1solation region between the floating diffusion
portion of the black reference pixel and a photoelectric
conversion portion of an adjacent black reference pixel.

2. A solid-state 1maging device according to claim 1,
wherein the floating diffusion portion in the black reference
pixel 1s smaller than the floating diffusion portion in the
cllective pixel.

3. A solid-state 1imaging device according to claim 1,
wherein a shape of the photoelectric conversion portion in
the effective pixel 1s the same as a shape of the photoelectric
conversion portion in the black reference pixel.

4. A solid-state 1imaging device according to claim 1,
wherein a size of the photoelectric conversion portion 1n the
cllective pixel 1s the same as a size of the photoelectric
conversion portion of the black reference pixel.

5. A solid-state 1maging device according to claim 1,
wherein a surface area of the tloating diffusion portion 1n the
cllective pixel area 1s different from that in the black
reference pixel such that a sum of dark current components
of the photoelectric conversion portion and the floating
diffusion portion in the eflective pixel equals to a sum of
dark current components of the photoelectric conversion
portion and the floating diffusion portion 1n the black ref-
erence pixel.

6. A solid-state 1imaging device according to claim 1,
wherein a charge in the photoelectric conversion portion 1s
prevented from being transferred to the floating diffusion
portion 1n the black reference pixel.
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